Гiдроелектростанцiї є однiєю з форм поновлюваних джерел енергiї, що надходить з проточної води. Турбiна використовується для запуску генератора i перетворення механiчної енергiї в електричну. Колесо турбiни розташоване всерединi корпусу турбiни i обертає привiдний вал. Однiєю з найбiльш поширених турбiн є турбiна поперечного потоку. На характер потоку води, що протiкає через порожнину ротора турбiни поперечного потоку, впливає кiлькiсть активних лопатей ротора, об якi б'ється вода з сопла турбiни. Вважалося, що вiдмiннiсть в характерi потоку пов'язане з вiдмiнностями в продуктивностi трьох моделей турбiн. Вiзуалiзацiї потоку води, що проходить через порожнину ротора турбiни поперечного потоку, були взятi з експериментального дослiдження робочих характеристик трьох моделей турбiни поперечного потоку, розрахованих на однi i тi ж значення витрати, дiаметрiв ротора i швидкостей обертання, але кожна модель турбiни має рiзнi значення ширини ротора i дуги входу сопла. Ширина сопла i ротора розрахована як функцiя дуги входу сопла, тому чим менше ширина пари ротора i сопла, тим бiльше дуга входу сопла i навпаки. Вiзуалiзацiї потоку води, що проходить через турбiну, були вивченi за допомогою порожнини турбiни поперечного потоку. Три моделi були випробуванi з однаковим напором i з однаковим витратою на швидко- стi 50, 100, 150, 250, 300 i 500 
Introduction
The pattern of water jet flowing throughout the empty space of the runner of the cross-flow turbine is influenced by the number of active runner blades pounded by water from the turbine nozzle. The numbers of active blades are determined by how large the nozzle entry arc of the crossflow turbine, the larger nozzle entry arc resulted in the greater number of active blades [1] [2] [3] . The visualizations of the flow of water passing through the empty space of three cross-flow turbine models were being photographed at the time of experimental research to investigate the performance characteristics of the turbine models where each model is designed for the same flow rate, the same runner diameter and the same rotational speed [2] [3] [4] [5] [6] . However, each model has different runner widths and different nozzle entry arcs. In addition, the width of the runner is a function of nozzle entry arc. The first model had a 75° nozzle entry arc, the second model had a nozzle entry arc of 90° and the third model had a 120° nozzle entry arc. In addition, since the nozzle entry arcs determine the number of passages built by the runner blade, the larger nozzle entry arc the more passages burted by water jets exit from the turbine nozzle [7] [8] [9] . The difference in the flow patterns was believed having a relation to the performance differences of the three turbine models. Runners should be formed accordingly so that changes occur in the momentum on the working fluid of the water. The turbine consists of a cylindrical water wheel or runner with
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Doctorate* E-mail: bp_djoko@ub.ac.id a horizontal shaft, composed of numerous blades, arranged radially and tangentially. This cross-flow turbine has an upright flow direction straight with the turbine axis (radial). The turbine has a pointing device called the nozzle so that the free gap with blades around the wheel. Visualization of the turbine cross-flow runner is needed to analyze the performance of the turbine.
Literature review and problem statement
A cross-flow water turbine is made, the generator energy source comes from water energy (potential energy and kinetic energy). The potential energy of water changes to the kinetic energy of water, then the kinetic energy of this water is converted by water turbines into mechanical energy (rotation of the turbine shaft) [1] [2] [3] [4] [5] [6] [7] . Cross-flow water turbines are usually a type of radial impulse water turbine. The flow of water enters the turbine through a nozzle with a rectangular cross-section. The flow passes through the turbine blade with twice relative direction perpendicular to the turbine shaft. In this case, there is no axial direction flow, so there are no forces acting in the direction of the turbine shaft. The rotation of the turbine shaft is converted by a generator into electrical energy (electrical energy). Cross-flow turbines as drivers are chosen because the construction is simple and easy to apply [4, 5] . This study uses a vertical shaft cross-flow turbine, a blade shaped blade, and turbines are arranged in two levels in order to capture more flow in order to increase the rotational power produced. The purpose of this study is the realization of a cross-flow turbine design that efficiently captures water energy, producing optimal power [9] [10] [11] . The numbers of active blades are determined by how large the nozzle entry arc of the cross-flow turbine, the larger nozzle entry arc resulted in the greater number of active blades [9] [10] [11] [12] . The visualizations of the flow of water passing through the empty space of three cross-flow turbine models were being photographed at the time of experimental research to investigate the performance characteristics of the turbine models where each model is designed for the same flow rate, the same runner diameter and the same rotational speed [13, 14] . The nozzle entry arcs determine the number of passages built by the runner blade, the larger nozzle entry arc the more passages burted by water jets exit from the turbine nozzle. The visualizations of the flow of water passing through the empty space of three cross-flow turbine models were being photographed at the time of experimental research [15] [16] [17] .
Therefore, the perspective of the study is to investigate the performance characteristics of the turbine models where each model is designed for the same flow rate, the same runner diameter and the same rotational speed. The difference in the flow patterns was believed having a relation to the performance differences of the three turbine models.
The aim and objectives of the study
The aim of the study is to investigate the performance characteristics of the turbine models where each model is designed for the same flow rate, the same runner diameter and the same rotational speed.
To achieve this aim, the following objectives are accomplished:
-the visualization of the flow of water passing through the empty space of three cross-flow turbine models; -to design the flow rate of turbine models; -to design the runner diameter of turbine models; -to design the rotational speed.
Material, methods and model of research
The flow visualizations of water passing on the turbine were studied using the empty space of the cross-flow turbine. The three models were tested on the same head and the same flow rate at the speed of 50, 100, 150, 250, 300 and 500 rpm. The photos of water flowing through the empty space in the turbine model runners were taken to find out the conditions of flow and the efficiency of the models was calculated to show the performance of the turbine. Images are taken within 10 cm and parallel to the turbine. The cross-flow turbine models were designed with 197 mm runner diameter of each and have the ratio of runner diameter to runner length of 1:2. One side of each turbine model end disk was made from transparent media named perspex facilitating the researcher to observe the water flow condition during flowing through inside the runner. The conditions of the flow of water passing through the empty space of turbine wheels were photographed using a Nikon camera equipped with a hallogen lamp having a power of 1000 watts to capture the difference of flow pattern among the three turbine models. The flow conditions and the efficiency of the turbines gathered are used for material discussions.
Research results of performance characteristics of three cross-flow turbine models using nozzle roof curvature radius centered on shaft axis designed on the same flow rate, runner diameter and rotational speed

1. Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 50 rpm
The photographs show a visualization of the trace of water flowing through inside of the turbine models with the entry arc of θ=75°, θ=90° dan θ=120° at the rotational speed of 50 rpm.
The photos of Fig. 2 show the jet of water, leaving the halls of the first stage turbine blade, spread and bump into each other, then hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade.
The collision that resulted in hydraulic losses of water jet and changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable reduces the efficiency of the turbine. Turbine efficiency is the ratio of the horsepower of the turbine shaft and water entering the turbine runner. Based on the photographs in Fig. 1 it can be stated that the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has a 120-degree entry arc spreads larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has a 90 degree entry arc. Fig. 1 also shows the photographs of the steady stream of water, leaving the outskirt of the turbine wheel with the nozzle that has a 90 degree entry arc deploys larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has an entry arc of 75°. Each runner has 16 blades, for the same water flow rate, the runner which has the larger nozzle entry arc has more active blade numbers pounded by the jets of water.
Fig. 2. Efficiency Vs Nozzle entry arc at the rotational speed of 50 rpm
The sizes of the nozzle entry arc, the number of active blade passages, the collisions of water jets passing through within the empty spaces inside the turbine wheels and the stream pattern of water leaving the outskirts of the turbine wheels are predicted influencing the turbine efficiencies [10-17]. More collisions of water jets within the empty space inside the wheels create more hydraulic losses and reduce the tangential force component exerted to the runner, and consequently, these conditions lower the shaft power and efficiency of the turbines [16, 18, 19] . The efficiency of the turbines in this experimental study is 60 percent for the turbine with 75° entry arc, 58 percent for the turbine with 90° entry arc and 22 percent for the turbine with 120° entry arc.
2. Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 100 rpm
The photographs of the figure show a visualization of the trace of water flowing through inside of the turbine models with the entry arc of θ=75°, θ=90° and θ=120° at a rotational speed of 100 rpm.
The photos of Fig. 3 also show the jet of water, leaving the halls of the first stage turbine blade, spread and bump into each other, then hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade. The collision that resulted in hydraulic losses of water jet and changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable reduces the efficiency [20] [21] [22] . The photographs of the figure show a visualization of the trace of water flowing through inside of the turbine models with the entry arc of θ=75°, θ=90° and θ=120° at a rotational speed of 100 rpm.
The photos of Fig. 3 also show the jet of water, leaving the halls of the first stage turbine blade, spread and bump into each other, then hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade. The collision that resulted in hydraulic losses of water jet and changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable reduces the efficiency [20] [21] [22] . Based on the photographs in Fig. 2 it can be stated that the steady stream of water, leaving the turbine outer side with a 120° entry arc, spreads larger than the steady stream of water leaving the turbine outer side with a 90° entry arc nozzle. Fig. 2 also shows the photographs of the steady stream of water, leaving the outskirt of the turbine wheel with the nozzle that has a 90 degree entry arc deploys larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has an entry arc of 75 degrees.
The efficiency of the turbines in this experimental study is 82 percent for the turbine with a 75 degree entry arc, 88 percent for the turbine with a 90 degree entry arc and 30 percent for the turbine with a 120 degree entry arc. Fig. 4 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° dan θ=120°.
3. Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 150 rpm
The photos of Fig. 4 show the jet of water leaving the halls of the first stage turbine blade, spread and bump into each other, then some of this water hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade [23] [24] [25] . Fig. 4 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° dan θ=120°.
The photos of Fig. 4 show the jet of water leaving the halls of the first stage turbine blade, spread and bump into each other, then some of this water hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade [23] [24] [25] . The collision that resulted in hydraulic losses of water jet and changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable reduces the efficiency [26] [27] [28] . Based on the photographs in Fig. 3 it can be stated that the steady stream of water, leaving the turbine outer side with a 120° entry arc, spreads larger than the steady stream of water leaving the turbine outer side with a 90° entry arc nozzle. Fig. 3 also shows the photographs of the steady stream of water, leaving the outskirt of the turbine wheel with the nozzle that has a 90 degree entry arc deploys larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has an entry arc of 75 degrees. The efficiency of the turbines in this experimental study is 88 percent for the turbine with a 75 degree entry arc, 83 percent for the turbine with a 90 degree entry arc and 56 percent for the turbine with a 120 degree entry arc. Fig. 5 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° dan θ=120°. Fig. 5 shows the relation of nozzle entry arc versus efficiency equipped with the photograph of the water jets condition inside the turbine wheels when the turbine runs at 250 rpm. The jets of water, leaving the halls of the first stage turbine blade do not hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade. All the jets of water come into the halls of the first stage and strike the blades of the first stage, then pass through the empty space and hit the blades of the second stage and finally the water leaves the runner. Fig. 5 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° dan θ=120°. Fig. 5 shows the relation of nozzle entry arc versus efficiency equipped with the photograph of the water jets condition inside the turbine wheels when the turbine runs at 250 rpm. The jets of water, leaving the halls of the first stage turbine blade do not hit the shaft during flow through the turbine wheel blank space before reaching the halls of the second stage turbine blade. All the jets of water come into the halls of the first stage and strike the blades of the first stage, then pass through the empty space and hit the blades of the second stage and finally the water leaves the runner.
4. Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 250 rpm
Fig. 5. Efficiency Vs Nozzle entry arc at the rotational speed of 250 rpm
All the jets of water that goes into the blade halls on the first stage after hitting the blades of the first stage, next passes through the empty space, then hit the second stage blades and finally the water leaves the runner. There are small collisions in the empty space that resulted in small hydraulic losses of water jet and little changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable fix the efficiency of the turbine. Based on the photographs in Fig. 5 it can be stated that the angle of spreading of the streams of water, leaving the outer rim of the runner with the nozzle having the entry arc of 120 degrees is larger compared to the spreading angle of the flow of water leaving the outer rim of the runner with the nozzle having the entry arc of 90 degrees. Fig. 4 also shows the photographs of the steady stream of water, leaving the outskirt of the turbine wheel with the nozzle that has a 90 degree entry arc deploys larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has an entry arc of 75 degrees.
The efficiency of the turbines in this experimental study is 82 percent for the turbine with a 75 degree entry arc, 82 percent for the turbine with a 90 degree entry arc and 70 percent for the turbine with a 120 degree entry arc. Fig. 6 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° dan θ=120°.
Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 300 rpm
The photos of Fig. 6 show the jet of water, leaving the halls of the first stage turbine blade not hitting the shaft and at the position far from the shaft during flow through the inside turbine wheel blank space before reaching the halls of the second stage turbine blade. There is a small collision that resulted small in hydraulic losses of water jet and little changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are predictable improve the efficiency of the turbine. Based on the photographs in Fig. 6 it can be stated that the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has a 120-degree entry arc spreads larger than the steady stream of water, leaving the outer side of the turbine wheel with the nozzle that has a 90 degree entry arc. Based on the photographs in Fig. 6 it can be stated that the steady stream of water, leaving the turbine outer side with a 90° entry arc, spreads larger than the steady stream of water leaving the turbine outer side with a 75° entry arc nozzle. The water jets flowing inside the runner with a 120 degree entry arc are more in irregular condition than that of water jets flowing inside the runner with a 90 and 75 degree entry arcs. And the patterns of water jets flowing inside the runner with a 75 degree entry arc are more in irregular conditions than that of water jets flowing inside the runner with a 90 degree entry arc. Therefore, the flow pattern of water jets inside the runner entering the blade passages of the second stage of the model with a 90 degree entry arc is the best compared to the flow pattern of water jets inside the runner entering the blade passages of the second stage of the model with a 90 and 75 degree entry arcs.
The efficiency of the turbines in this experimental study is 80 percent for the turbine with a 75° entry arc, 86 percent for the turbine with a 90° entry arc and 78 percent for the turbine with a 120° entry arc. Fig. 7 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° and θ=120°. Fig. 7 is well equipped with the photographs showing a visualization of the trace of water flowing through inside of the turbine models for the entry arc of θ=75°, θ=90° and θ=120°.
6. Visualization of water flowing through empty space inside of turbine runner and efficiency of the models tested at 500 rpm
Based on the photographs in Fig. 7 it can be stated that the steady stream of water, leaving the turbine outer side with a 90° entry arc, spreads larger than the steady stream of water leaving the turbine outer side with a 90° entry arc nozzle. There are still small collisions that resulted small in hydraulic losses of water jet and little changes in the direction of the water jet when it enters the halls of the second stage turbine blade, and such conditions are still resulting in the considerable efficiency of the turbine. It is important to note that when the turbine rotates at 500 rpm, not all water jets after hitting the blades of the first stage flow through the empty space of the turbine wheel, where some jets of water after hitting the blades of the first stage directly leave the wheel. So these jets of water leave the runner without hitting the blades of the second stage and as a result the water does not contribute to an increase in the shaft power by converting its kinetic energy into mechanical energy [29] [30] [31] . In addition, the figure shows that the water jet flowing through the empty space of the model with a nozzle entry arc of 120° is thinner than the water jet flowing through the empty space of the model with a nozzle entry arc of 90° and the water jet flowing through the empty space of the model with a nozzle entry arc of 90° is thinner than the water jet flowing through the empty space of the model with a nozzle entry arc of 75°. The thickness of water jets flowing through the empty space combined with the width of the runner indicates the amount of water through the empty space, the bigger nozzle entry arc the smaller jets of water striking the active blade of the second stage [32] [33] [34] . Further, it can be stated that the amount of water jets flowing through the empty space and then strike the blades of the second stage results in a tangential force [35] [36] [37] . Furthermore, based on the photographs in Fig. 7 it can be stated that the steady stream of water leaving the outer side of the turbine wheel with the nozzle that has a 120-degree entry arc spreads in a larger jets area than the steady stream of water leaving the outer rim of the turbine runner having a 90 degree entry arc. Fig. 6 also shows the photographs of the steady stream water, leaving the turbine outer side with a 90° entry arc, deploys larger than the steady stream of water leaving the turbine outer side with a 75° entry arc nozzle.
This study shows that when the model runs at 500 rpm, the nozzle entry arcs influence the pattern of water flow passing through the runner and finally determine the efficiency of the turbine. The efficiency of the turbines in this experimental study is 80 percent for the turbine with a 75 degree entry arc, 78 percent for the turbine with a 90 degree entry arc and 68 percent for the turbine with a 120 degree entry arc.
Discussion of the flow visualization of water jet passing through the empty space of cross-flow turbine runner
The findings of this study are the relationship between the turbine rotation, flow conditions and cross-flow turbine efficiency. The relationship between these cross-flow turbine parameters will be the basis for making decisions to determine optimal turbine operating parameters.
Rotation of a turbine is an important parameter in the operation of a micro-hydro power plant, a power plant using a turbine with rotational speed, lower than the rotational speed of the generator system must then be equipped with a speed increase connecting the turbine to the generator so that the generator operated at normal rotation. In addition, the lower turbine rotation the higher speed ratio of speed increase needed or, on the other hand, the higher turbine rotation the lower speed ratio of speed increase equipped with a micro-hydro power plant
The results of the experimental study indicate that the efficiency of the cross-flow turbine is influenced by both the nozzle entry arc and the rotational speed of the runner. The magnitude of the nozzle entry arc determines the number of blade hallways where a steady stream of water enters the turbine wheel, so that the larger the nozzle entry arc the greater the number of blade hallways in which the water jets flows through. The number of blade hallways flowed with the water affects the pattern of water jets flowing through the empty space, further, the pattern of the jets determines the magnitude of hydraulic losses and finally influences the efficiency of the turbine. Further, it can be stated that the greater the nozzle entry arc the greater the number of water jets flowing through the empty space which then collide with each other, result in the larger hydraulic losses, therefore, generally result in the lower efficiency.
The rotational speed of the water turbine determines the peripheral velocity of the runner, the higher rotational speed of the runner results in the higher runner peripheral velocity. The peripheral velocity determines the period of the water jets entering one blade hallways, since the velocity of water jets remains constant, so the amount of water flowing through one hallway depends on the rotational speed. The higher the rotational speed of the runner, the less water flowing through one blade hallway, while the higher the rotational speed of the runner the greater the number of blade hallways flowed with water. The turbine efficiency is the ratio of shaft horsepower and water horsepower, since shaft horsepower is a function of force acted by the water and rotational speed of the runner, so the condition of water strike on the runner blades determines the turbine efficiency. The number of blades on the crossflow turbine shaft affects the performance of cross-flow turbines. Likewise with the turbine rotation. It was concluded that the greater the number of blades the higher the turbine efficiency.
Conclusions
1. The pattern of flowing water through the runner is influenced by the magnitude of the entry arc and rotational speed of the runner.
2. The turbine wheel spinning lower than 150 rpm is the condition of the water flow inside the turbine runner hitting the shaft. The higher the rotation of the turbine wheel, the farther the distance of the water flow in the turbine wheel against the axis turbine.
3. The efficiency of the turbine is influenced by the magnitude of the entry arc and rotational speed of the runner.
